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Abstract.—The diversity and abundance of wetland birds have been threatened by increasing anthropogenic 
activities during recent decades. The objective of this study was to determine the effect of human-induced dis-
turbance on bird species richness and abundance of natural wetlands in southwest Ethiopia. Bird surveys were 
performed at 56 locations during both the wet and dry seasons in 2010 and 2011. Generalized linear modeling 
(G) was used to correlate species richness with environmental variables. It was found that wetlands with low human 
disturbance were characterized by a higher richness (n > 10) of wetland dependent specialist birds (depending 
completely on wetlands for food and nesting) than the highly disturbed wetlands. However, for wetland-associated 
birds (those able to nest and feed in wetlands as well as in other habitats), there was no significant difference (P 
= 0.31) in species richness between disturbed and non-disturbed wetlands. The abundance of wetland dependent 
specialist birds was significantly affected (P < 0.001) by human disturbance, whereas the abundance of wetland 
associated birds was not (P = 0.39). Fifty-three percent of the variation in species richness of wetland dependent 
birds was explained by a combination of water depth, sludge depth, conductivity, chlorophyll a, total phosphorus, 
human disturbance and vegetation cover. It is recommended that anthropogenic activities should be minimized 
and controlled in and around these wetlands to conserve biodiversity. Received 13 July 2016, accepted 1 February 2017.
Key words.—abundance, generalized linear model, human disturbance, species richness, wetland-associated 
birds, wetland-dependent birds, wetlands.
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Wetlands are one of the world’s most pro-
ductive ecosystems and are characterized by 
a rich diversity, for example, of birds (Nton-
gani and Andrew 2013; International Union 
for Conservation of Nature 2014). Wetlands 
regulate water flows and water quality, pro-
vide unique habitats to flora and fauna, and 
regulate micro-climatic conditions (Teferi et 
al. 2010). In Africa, wetlands are an impor-
tant source of water and nutrients necessary 
for biological productivity and often sheer 
survival of people (Schuyt 2005). However, 
they are also considered among the most 
threatened ecosystems on earth due to an-
thropogenic disturbances, which alter the 
quality, structure and size of these wetlands 
considerably (Millennium Ecosystem Assess-
ment 2005). For example, wetland habitats 
in the contiguous USA and Europe alone 
have been reduced by more than 50% dur-
ing the past two centuries (Keddy et al. 2009). 
Habitat loss is the biggest problem affecting 
biodiversity in Sub-Saharan Africa (Gatesire 
et al. 2014). In Ethiopia, wetlands are threat-
ened due to improper agricultural practices, 
expansion of human settlements, industrial 
pollution, water drainage and construction 
of dams (Getachew et al. 2012; Gebresllassie et 
al. 2014). Wetlands, such as swamps, marshes 
and floodplains, are often considered to be 
unproductive and unhealthy wastelands in 
Ethiopia (Abebe and Geheb 2003).
Wetland birds are an important indica-
tor of environmental health because they 
are sensitive to environmental change, can 
be sampled easily and their taxonomy is well 
known (Timothy et al. 2000; Gregory and 
Strien 2010; Herrando et al. 2014). However, 
birds have been highly affected by the gradu-
al loss and degradation of wetlands worldwide 
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(Chari et al. 2003; Rajpar and Zakaria 2011). 
Next to habitat loss and disturbance, hunting 
is another problem wetland birds are facing, 
since they are considered to be crop pests by 
farmers, who seek to control them by shoot-
ing (Abebe and Geheb 2003). The loss of 
habitat and human disturbance have result-
ed in a population decline for many African 
wetland bird species and especially for threat-
ened species like the Wattled and Black-
crowned cranes and White-winged Flufftail 
(scientific names are in Appendix 1) (Miller 
2005; Galetti and Dirzo 2013; International 
Union for Conservation of Nature 2014). Re-
search conducted by Getachew et al. (2012) in 
Cheffa wetland, situated in northeast Ethio-
pia, found that human disturbance had a di-
rect effect on the diversity of the birds and 
macroinvertebrates inhabiting this wetland. 
Currently, little is known about the effect of 
human disturbance on the abundance and 
diversity of wetland birds in Ethiopia.
Ethiopia has many important wetlands, 
with more than 140 wetland-associated bird 
species including the Wattled and Black-
crowned cranes, which are listed as Vulner-
able by the International Union for Conser-
vation of Nature, as well as the Rouget’s Rail 
and Wattled Ibis, which are endemic to Ethi-
opia (International Union for Conservation 
of Nature 2014). These four species have 
their breeding grounds in wetlands situated 
in southwest Ethiopia, one of the regions 
that is under severe pressure due to human 
disturbance (Mereta et al. 2013).
The objectives of this study were to: 1) 
analyze the species richness and abundance 
of wetland birds in riverine and floodplain 
wetlands situated in southwest Ethiopia; 2) 
understand the impact of environmental 
disturbance on the abundance and species 
richness of wetland birds; and 3) provide 
management recommendations to conserve 
biodiversity.
methodS
Study Area
This study was carried out in seven wetlands: Awetu, 
Boye, Balawajo, Kofe, Bulbul, Kito and Haro located in 
southwest Ethiopia, in the Gilgel Gibe watershed, situ-
ated between latitudes 7° 37′ 44.4″ N and 7° 43′ 37.2″ N 
and longitudes 36° 46′ 30″ E and 37° 08′ 42″ E (Fig. 1). 
Among the seven wetlands, five (Awetu, Boye, Balawajo, 
Kofe and Kito) are riverine, and two (Bulbul and Haro) 
are classified as floodplain wetlands. The wetlands dif-
fer in size and human disturbance. A summary of the 
characteristics of the different wetlands and the most 
important human disturbances can be found in Table 
1. Part of the floodplain wetlands are intensively used 
for maize (Zea mays) cultivation during the dry season, 
resulting in the conversion of natural habitat to agri-
cultural land and thus affecting the diversity and abun-
dance of the fauna and flora (Mereta et al. 2013). The 
area is characterized by a warm temperate and rainy 
climate. The average annual temperature in the area 
ranges between 15 °C and 22 °C, whereas the mean an-
nual precipitation ranges between 180 cm and 230 cm 
(National Meteorological Agency 2014).
Bird Surveys
Bird surveys were carried out four times in 56 
sampling locations scattered over the seven different 
wetlands (Fig. 1). Sampling sites were located at 200- 
to 500-m intervals and were chosen based on wetland 
size. The surveys were carried out both during the 
dry season (15 March to 27 April 2010 and 2011) and 
during the wet season (12 September to 12 October 
2010 and 2011). In total, 218 samples were collected. 
Bird data were collected using the point count meth-
od (Lee and Marsden 2008). Birds were observed 
with 10x42 binoculars. The geographical position of 
each site was recorded using a handheld global posi-
tioning system (Garmin GPS 60). Counts were made 
in the morning between 06:00 hr and 10:00 hr and 
then again in the afternoon between 16:00 hr and 
18:00 hr local standard time, when local bird activity 
was highest. All species visually observed during a 15-
min period within a radius of approximately 100 m 
from the sampling site were recorded. The first 5 min 
were used to allow birds to settle and return to their 
natural behavior, whereas the remaining 10 min were 
used to record all bird species seen. Fly-overs were 
not included. Each point count yielded the number 
of species present as well as the number of individu-
als present for each species. The recorded birds were 
identified (van Perlo 2009) and classified as wetland 
dependent birds or wetland-associated birds. Wet-
land-dependent birds are those that depend on the 
wetlands for nesting and feeding, whereas wetland-
associated birds can use the wetlands for nesting and 
feeding, but are able to nest and live in other habitats 
as well. Wetland-dependent birds were further classi-
fied as wetland-dependent specialists that only live or 
fully depend on wetlands for food and nesting, or as 
wetland-dependent generalists that are partially de-
pendent on the wetland habitat but can be seen in 
other habitats as well (based on Rose and Scott 1997; 
Almaw 2012). Based on the frequency of occurrence, 
the recorded bird species were classified as common 
and rare birds. Birds that occurred at fewer than 10% 
of all sampling stations over the four seasons were 
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classified as rare, whereas birds that occurred at more 
than or equal to 10% of the sampling stations were 
classified as common.
Environmental Variables
Habitat characteristics were assessed per sampling 
location using the U. S. Environmental Protection 
Agency wetland habitat assessment protocol (Mereta 
et al. 2013). Physical variables such as water depth and 
sludge depth were measured. Land use practices in the 
wetlands were classified as farming, waste dumping and 
clay mining. To assess habitat alteration, grazing, tree 
farming and vegetation removal were recorded. Hy-
drological modifications were classified as ditching or 
draining, filling and abstracting of water in the wetland. 
The degree of intensity of land use practices, habitat 
alteration and hydrological modification, which is in-
dicated as human disturbance, were quantified based 
on the protocol described by Hruby (2004), which was 
modified by Mereta et al. (2013). A score of 1 was as-
signed to no or minimal disturbance, 2 to moderate 
disturbance and 3 to high disturbance (Appendix 2). 
The overall disturbance for each site was calculated by 
summing the individual disturbance values of land use 
activities (nine different activities in total). Each of the 
nine activities was multiplied by a 1-3 intensity factor to 
Figure 1. Map of the study area showing the different sampling locations (black dots) distributed over the seven 
wetlands and the different types of land cover. Haro and Bulbul are floodplain wetlands. Kofe, Kito, Awetu, Boye 
and Balewajo are riverine wetlands. Most land cover is cultivated land.
Table 1. Name, type, size, number of sampling sites and primary human disturbances in seven wetlands located in 
southwest Ethiopia in the Gilgel Gibe watershed.
Name of Wetland
Type  
of  
Wetland
Number of 
Sites  
Monitored
Size of  
Wetland  
(ha) Human Disturbance
Awetu Riverine 6 12 Disposal of domestic sewage, drainage, grazing, clearing
Kito Riverine 13 92 Clay mining, drainage, grazing, clearing, farming
Kofe Riverine 14 87 Clay mining, grazing, filling, abstracting, clearing, farming
Boye Riverine 8 111 Disposal of domestic sewage, clay mining, clearing, farming
Balewajo Riverine 3 35 Cultivation and grazing
Bulbul Flood plain 3 20 Grazing
Haro Flood plain 9 76 Cultivation and grazing
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calculate the overall human disturbance at each site, so 
the minimum disturbance score was 9 and the maxi-
mum disturbance score was 27. Scores ranging from 9 
to 11 were identified as very low, 12 to 15 as low, 16 to 
19 as moderate, 20 to 23 as high and 24 to 27 as very 
high disturbance. Directly after the bird observation, 
dissolved oxygen, conductivity, pH and water temper-
ature were measured in the field using a multi-probe 
meter (HQ30d Single-Input Multi-Parameter Digital 
Meter). Chlorophyll a concentration was measured us-
ing a fluorometer (Turner Design Aqua fluor). At each 
site, 2 liters of water were collected, stored cool and dry 
and transported to the laboratory for further analysis. 
Total nitrogen (TN), total phosphorus (TP) and chemi-
cal oxygen demand (COD) were analyzed following the 
standard American Public Health Association (1995) 
guidelines. Physical variables such as sludge depth and 
water depth were measured at each site. The percent-
age of vegetation cover was visually estimated at each 
sampling site within a radius of 100 m (the location 
where the birds were recorded and the water samples 
were taken was considered as the center) (Nguyen et al. 
2015). The physico-chemical and human disturbance 
variables can be found in Table 2.
Data Analysis
The average species richness for each group (wet-
land dependent or wetland associated) and each wet-
land was obtained by summing the number of record-
ed species at each site and dividing it by the number of 
observations (number of sites per wetland multiplied 
by the number of sampling events within that wet-
land). Average abundance (absolute numbers) of bird 
species for each wetland was obtained by summing the 
abundance of all individual birds per wetland (for the 
four sampling events together) and dividing it by the 
number of sites within that wetland. Number of occur-
rences for each species was calculated by summing the 
occurrence of each species for all sites. Percentage of 
occurrence was calculated by dividing the number of 
occurrences by the total number of sites and multiply-
ing the outcome by 100. The relative abundance of 
bird species was calculated by dividing the abundance 
of individual bird species by the total abundance and 
multiplying the outcome by 100. Density of bird spe-
cies was obtained by summing the abundance of all 
individual birds per wetland and dividing it by the to-
tal area of the wetland. In this study, sites with more 
than or equal to 10 species (n ≥ 10) were considered 
to have a high richness, and sites represented by less 
than 10 species (n < 10) were considered to have a 
low richness. With regard to the abundance of species, 
sites having a density higher than or equal to 0.03 indi-
viduals/km2 (n ≥ 0.03) were considered to have a high 
abundance, and sites having a density less than 0.03 
individuals/km2 (n < 0.03) were considered to have a 
low abundance. Boxplots were used to visualize spe-
cies richness and abundance of wetland-dependent 
specialist, wetland-dependent generalist, wetland-asso-
ciated, common, rare and total recorded birds in rela-
tion to wetland or human disturbance.
A Shapiro-Wilk normality test was performed to 
check the distribution of the data to determine whether 
to use a parametric or non-parametric test. Normal-
ity distribution of species richness and abundance was 
checked for each class and for all birds. The data were 
not normally distributed (P < 0.05), and therefore a 
non-parametric Kruskal-Wallis test was used to deter-
mine significant differences in species richness between 
wetlands, between different classes of human distur-
bance and between seasons. If a significant difference 
existed, a Wilcoxon post-hoc multiple comparison test 
was performed to identify the significantly different 
pairs. The post-hoc test was Bonferroni corrected. The 
Bonferroni adjusted P-value was obtained by multiply-
ing the P-values by a corresponding factor. All analyses 
were performed in statistical program R (R Develop-
ment Core Team 2015).
Generalized linear models (GLMs) were built to 
identify the environmental variables that significantly 
influence the species richness of wetland-dependent 
birds. Poisson error distribution was used as our data 
were count data. Species richness was the response 
variable, whereas water depth, sludge depth, water 
temperature, dissolved oxygen saturation, conductivity, 
chlorophyll a, pH, TON, TP, COD, human disturbance 
and vegetation cover were the predictor variables. Prior 
to model building, the data, correlations and variance 
Table 2. Physico-chemical parameters used to develop the generalized linear model, with indication of the mean, 
standard deviation and minimum-maximum range.
Parameters Mean Standard Deviation Range
Water depth (m) 0.50 0.35 0.02-2.35
Sludge depth (m) 0.50 0.42 0.02-3.20
Water temp (°C) 22.26 2.67 16.00-33.10
pH 7.11 0.65 5.90-9.90
Dissolved oxygen (mg/l) 4.12 2.50 0.23-14.30
Electric conductivity (µS/cm) 120.55 56.97 26.30-294.00
Total nitrogen (mg/l) 3.68 4.93 0.05-34.10
Ammonia (mg/l) 0.25 0.47 0.01-4.90
Nitrate (mg/l) 1.31 1.74 0.004-11.73
Total phosphorus (mg/l) 0.19 0.23 0.003-1.25
Phosphate (mg/l) 0.14 0.46 0.01-5.39
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inflation factors (VIFs) between the predictor variables 
were examined to avoid problems of collinearity (Zuur 
et al. 2009). Correlation analysis was conducted using 
the pairs function to identify strongly correlated vari-
ables. When highly correlated variable pairs were pres-
ent, only one of the two variables was included in the 
model. A normality plot (QQ-plot) was used to evaluate 
the relation of residuals and predictor variables. The 
data were also checked for over-dispersion. The model 
was considered reliable if the residuals were normally 
distributed and rejected if not.
reSultS
Species Richness and Abundance
In total, 141 bird species were recorded, 
with 57 species categorized as wetland de-
pendent and 84 species as wetland associ-
ated. Among the 57 species of wetland-de-
pendent birds, 17 species were identified as 
wetland-dependent generalist birds and 40 
species were identified as wetland-depen-
dent specialist birds (Appendix 1). Out of 
the total number of recorded bird species, 3 
species were of special concern, 100 species 
were classified as rare and 41 species were 
classified as common.
The average overall species richness, 
abundance and density were high at Bulbul, 
Haro and Balewajo followed by Boye and 
Kito, but were low at Awetu and Kofe (Fig. 
2). A higher species richness and abundance 
of common birds was observed in Bulbul, 
Balewajo and Haro, whereas a higher species 
richness and abundance of rare species was 
observed in Boye and Bulbul. Species rich-
ness of common birds showed significant 
differences between seasons (χ2= 6.065, df = 
1, P = 0.013). However, species richness of 
rare birds (χ2 = 1.66, df = 1, P = 0.19) and 
abundance of common (χ2 = 0.789, df = 1, P 
= 0.37) and rare (χ2= 1.97, df = 1, P = 0.159) 
birds showed no significant difference be-
tween seasons (Fig. 3). Species richness of 
common (χ2= 18.26, df = 4, P = 0.001) and 
rare (χ2 = 36.7, df = 4, P < 0.001) birds as well 
as abundance of both common (χ2 = 13.5, df 
= 4, P = 0.009) and rare (χ2 =26.5, df = 4, P 
< 0.001) birds was significantly lower at sites 
with high human disturbance.
Species richness and abundance of both 
wetland-dependent and wetland-associated 
birds showed significant differences between 
wetlands (with different χ2 values, df = 6, P < 
0.001), but no significant difference between 
seasons (χ2 = 1.47, df = 1, P > 0.05). The high-
est species richness of wetland-dependent 
birds was observed in floodplain wetlands. 
Among the seven wetlands, Bulbul and Haro 
were characterized by the highest average 
species richness, whereas Boye, Kofe, Kito, 
Balewajo and Awetu had the lowest average 
species richness in terms of wetland-depen-
dent birds. The average species richness for 
wetland-dependent generalist birds was gen-
erally low in all wetlands. The average abun-
dance of bird species was highest in Bulbul 
and Haro for wetland-dependent specialist 
birds. Bulbul wetland was characterized by 
a high density of wetland-dependent special-
ist and common birds, whereas Balewajo was 
characterized by a high density of wetland-
associated birds. In terms of abundance, the 
Yellow-billed Duck and African Jacana were 
the dominant species among the wetland-
Figure 2. Boxplots of (A) species richness and (B) abundance of wetland-dependent and wetland-associated birds 
in the different wetlands.
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dependent specialist birds with a relative 
abundance of 22.6% and 16%, respectively, 
whereas the Fan-tailed Widowbird and Sa-
cred Ibis were the most abundant species 
among the wetland-dependent generalist 
birds with a relative abundance of 25.6% and 
24.1%, respectively. Lower species richness 
of wetland-associated birds was observed in 
Awetu, Haro and Kofe wetlands, whereas 
the highest species abundance was found in 
Balewajo and Bulbul wetlands.
A significant difference in species rich-
ness and species abundance of wetland-de-
pendent birds was observed between differ-
ent classes of human disturbance. Species 
richness of wetland-dependent specialist 
(χ2 = 28.4, df = 4, P < 0.001) and wetland-
dependent generalist (χ2 = 18.65, df = 4, P 
= < 0.001) birds was significantly lower at 
sites with a high human disturbance. In con-
trast, there were no significant differences in 
abundance (χ2 = 4.12, df = 4, P = 0.39) and 
species richness (χ2 = 4.73, df = 4, P = 0.31) of 
wetland-associated birds between different 
classes of human disturbance. Species rich-
ness and abundance of wetland-dependent 
specialists were affected by all types of hu-
man disturbance, whereas species richness 
and abundance of wetland-dependent gen-
eralists were not affected by abstraction of 
water (χ2= 3.6, df = 2, P = 0.164), dumping of 
waste (χ2= 5.9, df = 2, P = 0.05) and farming 
(χ2= 1.7, df = 2, P = 0.4).
Environmental Variables
A summary of the different physico-
chemical variables is given in Table 2. The 
correlation analysis indicated a strong corre-
lation between pH and dissolved oxygen sat-
uration (r2 = 0.8) and between chlorophyll 
a and chemical oxygen demand (r2 = 0.7). 
Since dissolved oxygen saturation and chlo-
rophyll a are known to be very important 
variables describing the status of wetlands, 
pH and chemical oxygen demand were ex-
cluded as predictor variables in the model. 
Based on the GLM, species richness of wet-
land-dependent birds was best explained by 
a combination of water depth, sludge depth, 
conductivity, chlorophyll a, total phospho-
rus, human disturbance and vegetation cov-
er, explaining in total 53% of the variation 
(Table 3). Physico-chemical variables only 
explained a small part of the variation in to-
tal species richness. Sludge depth accounted 
for the greatest change in deviance (14%) 
of total species richness. Water depth, con-
Figure 3. Boxplots of species richness and abundance of common and rare birds in different wetlands in the dry 
and wet seasons: (A) species richness of common birds, (B) species richness of rare birds, (C) abundance of rare 
birds, and (D) abundance of common birds.
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ductivity, total phosphorus and chlorophyll 
a poorly explained species richness with the 
deviance being less than 10%. Species rich-
ness of wetland-dependent birds was nega-
tively correlated with sludge depth, vegeta-
tion cover and human disturbance, but was 
positively correlated with water depth, con-
ductivity, chlorophyll a and total phosphorus 
(Table 3).
diSCuSSioN
Floodplain wetlands supported a higher 
species richness of wetland-dependent birds 
than riverine wetlands due to the positive ef-
fect of flooding on prey abundance and hab-
itat availability for wetland-specialist birds 
(Parkinson et al. 2002; Paracuellos 2006; 
Harrison and Whitehouse 2012). However, 
this contrasts the finding of Atnafu et al. 
(2011) who reported that flooded wetlands 
supported a lower bird species richness, sug-
gesting the migration of birds to dryer areas 
to escape from extreme flooding. Although 
the size of the floodplain wetlands can be dis-
tinctively different between the dry and wet 
seasons, previous studies indicated that the 
effect of season on bird composition at the 
micro-geographic or local scale is negligible 
(Aynalem and Bekele 2008). This result, 
however, contradicts the finding of Connor 
and Gabor (2006) who reported a signifi-
cant variation in the number of wetland bird 
species between seasons. They ascribed the 
difference between seasons to prey availabil-
ity and habitat suitability to brood-rearing 
waterfowl. We found a significant difference 
in species richness between seasons, but only 
of rare birds, suggesting that rare species 
may be more affected by temporal resource 
availability.
Besides differences between the type of 
wetland and seasonal effects, we also found 
a significant effect of human disturbance on 
wetland-dependent specialist and rare birds. 
Wetland-dependent or rare species require 
specific habitats for breeding and feeding 
compared to generalists that can more easily 
cope with less favorable feeding or roosting 
conditions (Green and Baker 2003; DeLuca 
et al. 2004). This is consistent with the find-
ing of a study in Tanzania, which reported 
higher bird species diversity, especially of 
specialist birds, in wetlands with a low level 
of human disturbance (Ntongani and An-
drew 2013). Our study provides additional 
evidence that human disturbance of natu-
ral habitats mostly affects specialist species, 
such as many of the IUCN-listed species and 
endemic species, due to deterioration of the 
breeding grounds (International Union for 
Conservation of Nature 2014).
Although Kofe, one of the wetlands in 
our study area, is characterized by a low aver-
age species richness and is already affected 
by various human activities (e.g., clay min-
ing), it seems to be an important habitat for 
Wattled Crane and Rouget’s Rail. Our find-
ing is different from the results obtained 
from a study in South Africa, which reported 
the occurrence of Wattled Crane in undis-
turbed and pristine conditions (Morrison 
and Bothma 1998). However, we do not 
have long-term monitoring data indicating 
changes (decreases) in the bird community 
over time.
The result of the GLM suggests a posi-
tive relationship between species richness of 
wetland-dependent birds and water depth, 
Table 3. Output of the generalized linear model with Poisson error distribution developed to model the species 
richness of wetland dependent birds.
Variables Estimate Standard Error Z value P value
Water depth 0.197 0.083 2.357 0.018
Sludge depth -0.599 0.097 -6.178 < 0.001
Conductivity 0.002 0.001 4.099 < 0.001
Chlorophyll a 0.193 0.004 4.685 < 0.001
Total phosphorus 0.351 0.105 3.349 < 0.001
Human disturbance -0.052 0.009 -5.638 < 0.001
Vegetation cover -0.005 0.001 -4.839 < 0.001
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which is the preferred habitat of diving birds 
and dabbling ducks. This finding is different 
from the results of Sebastián-González and 
Green (2014) and Colwell and Taft (2000), 
who found that shallow wetlands support a 
higher species diversity than deep wetlands. 
The negative relationship between the num-
ber of wetland-dependent bird species and 
vegetation found in our study is probably re-
lated to the small number of species that rely 
on dense vegetation in our study area (Par-
acuellos 2006; Ntongani and Andrew 2013). 
The positive correlation of species richness 
of wetland-dependent birds to total phos-
phorus and electrical conductivity found 
in this study is somewhat counterintuitive. 
The phosphorus input, released from bird 
excrement, probably also increases the pro-
ductivity, thus allowing some macroinverte-
brate taxa (which serve as a food source for 
birds) to build up higher densities (Somura 
et al. 2015). However, caution is needed with 
regard to nutrient concentrations, as eutro-
phication can negatively affect the stability 
and thus the diversity and abundance of dif-
ferent wetland birds (Fernández et al. 2005).
We suggest that next to Kofe, the flood-
plain wetlands of Haro and Bulbul should 
be conserved as they support a high spe-
cies richness of wetland-dependent birds. 
Hence, a collaborative and multidisciplinary 
conservation network should be built to de-
velop a strategy for effective wetland conser-
vation. Often, local communities continue 
degrading wetlands with cultivation and live-
stock grazing. Therefore, awareness about 
the importance and the benefits of these 
ecosystems is crucial. Recently, a project has 
been initiated in our study area to make lo-
cal communities aware of the importance of 
protecting the wetlands and to improve the 
habitat of the Wattled Crane. In addition, 
ecotourism could be facilitated for the local 
communities to gain benefits from the pro-
tection of these unique habitats.
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k 
B
un
ti
n
g
Em
be
ri
za
 ta
ha
pi
si
3
1.
4
0.
06
B
us
ta
rd
B
la
ck
-b
ill
ed
 B
us
ta
rd
L
is
so
tis
 m
el
an
og
as
te
r
2
0.
9
0.
03
C
am
er
op
te
ra
C
om
m
on
 C
am
er
op
te
ra
C
am
ar
op
te
ra
 b
ra
ch
yu
ra
3
1.
4
0.
04
C
is
ti
co
la
s
Pe
ct
or
al
 P
at
ch
 C
is
ti
co
la
C
is
tic
ol
a 
br
un
ne
sc
en
s
5
2.
3
0.
05
St
ou
t C
is
ti
co
la
C
is
tic
ol
a 
ro
bu
st
us
30
13
.7
1.
48
C
it
ri
l
A
fr
ic
an
 C
it
ri
l
Se
ri
nu
s 
ci
tr
in
el
lo
id
es
6
2.
7
0.
14
C
or
do
n
 B
lu
e
R
ed
-c
h
ee
ke
d 
C
or
do
n
 B
lu
e
U
ra
eg
in
th
us
 b
en
ga
lu
s
2
0.
9
0.
02
C
ou
ca
ls
B
lu
e-
h
ea
de
d 
C
ou
ca
l
C
et
ro
pu
s 
m
on
ac
hu
s
54
24
.7
1.
14
Se
n
eg
al
 C
ou
ca
l
C
en
tr
op
us
 s
en
eg
al
en
si
s
3
1.
4
0.
04
D
ov
es
A
fr
ic
an
 M
ou
rn
in
g 
D
ov
e
St
re
pt
op
el
ia
 d
ec
ip
ie
ns
39
17
.8
1.
25
B
lu
e-
sp
ot
te
d 
W
oo
d 
D
ov
e
Tu
rt
ur
 a
fe
r
6
2.
7
0.
11
R
ed
-e
ye
d 
D
ov
e
St
re
pt
op
el
ia
 s
em
ito
rq
ua
ta
47
21
.5
1.
32
R
in
g-
n
ec
ke
d 
D
ov
e
St
re
pt
op
el
ia
 c
ap
ic
ol
a
11
5.
0
0.
18
Ta
m
bo
ur
in
e 
D
ov
e
Tu
rt
ur
 ty
m
pa
ni
st
ri
a
12
5.
5
0.
30
E
ag
le
s
B
an
de
d 
Sn
ak
e-
ea
gl
e
C
ir
ca
et
us
 c
in
er
as
ce
ns
3
1.
4
0.
03
B
ro
w
n
 S
n
ak
e-
ea
gl
e
C
ir
ca
et
us
 c
in
er
eu
s
6
2.
7
0.
07
E
gr
et
C
at
tl
e 
E
gr
et
B
ub
ul
cu
s 
ib
is
12
6
57
.5
8.
29
Fi
re
fi
n
ch
es
A
fr
ic
an
 F
ir
efi
n
ch
L
ag
on
os
tic
ta
 r
ub
ri
ca
ta
1
0.
5
0.
01
R
ed
-b
ill
ed
 F
ir
efi
n
ch
L
og
on
os
tic
ta
 r
uf
op
ic
ta
21
9.
6
0.
33
Fi
sc
al
s
So
ut
h
er
n
 F
is
ca
l
L
an
iu
s 
co
lla
ri
s
26
11
.9
0.
23
G
re
y-
ba
ck
ed
 F
is
ca
l
L
an
iu
s 
ex
cu
bi
to
ro
id
es
88
40
.2
3.
01
Fl
yc
at
ch
er
A
by
ss
in
ia
n
 S
la
ty
 F
ly
ca
tc
h
er
M
el
ae
no
rn
is
 c
ho
co
la
tin
us
4
1.
8
0.
07
Fr
an
ko
lin
C
re
st
ed
 F
ra
n
ko
lin
D
en
dr
op
er
di
x 
se
ph
ae
na
5
2.
3
0.
11
G
re
en
bu
ls
L
it
tl
e 
G
re
en
bu
l
A
nd
ro
pa
du
s 
vi
re
ns
1
0.
5
0.
01
Ye
llo
w
-th
ro
at
ed
 G
re
en
bu
l
A
tim
as
til
la
s 
fla
vi
co
lli
s
3
1.
4
0.
20
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A
pp
en
di
x 
1.
 (
C
on
ti
nu
ed
) 
L
is
t o
f 
th
e 
re
co
rd
ed
 b
ir
d 
sp
ec
ie
s 
in
 th
e 
st
ud
y 
ar
ea
. P
er
ce
nt
ag
e 
of
 o
cc
ur
re
nc
e 
w
as
 c
al
cu
la
te
d 
by
 d
iv
id
in
g 
th
e 
nu
m
be
r 
of
 o
cc
ur
re
nc
es
 b
y 
th
e 
to
ta
l n
um
be
r 
of
 s
it
es
 a
nd
 m
ul
ti
pl
yi
ng
 th
e 
ou
tc
om
e 
by
 1
00
. T
he
 r
el
at
iv
e 
ab
un
da
nc
e 
w
as
 c
al
cu
la
te
d 
by
 d
iv
id
in
g 
th
e 
ab
un
da
nc
e 
of
 in
di
vi
du
al
 b
ir
d 
sp
ec
ie
s 
by
 th
e 
to
ta
l a
bu
nd
an
ce
 a
nd
 m
ul
ti
pl
yi
ng
 
th
e 
ou
tc
om
e 
by
 1
00
.
Ty
pe
 o
f B
ir
d 
Sp
ec
ie
s
C
om
m
on
 N
am
e
Sc
ie
n
ti
fi
c 
N
am
e
To
ta
l N
um
be
r 
 
R
ec
or
de
d
Pe
rc
en
ta
ge
 (
%
) 
 
of
 O
cc
ur
re
n
ce
R
el
at
iv
e
A
bu
n
da
n
ce
 (
%
)
G
ui
n
ea
fo
w
l
 H
el
m
et
ed
 G
ui
n
ea
fo
w
l
N
um
id
a 
m
el
ea
gr
is
15
6.
8
1.
40
H
oo
po
e
 H
oo
po
e
U
pu
pa
 e
po
ps
1
0.
5
0.
01
H
or
n
bi
lls
 A
by
ss
in
ia
 G
ro
un
d 
H
or
n
bi
ll
B
uc
or
vu
s 
ab
ys
si
ni
cu
s
10
4.
6
0.
15
 H
em
pr
ic
h
s 
H
or
n
bi
ll
To
ck
us
 h
em
pr
ic
hi
i
3
1.
4
0.
03
Ib
is
 H
ad
ad
a 
Ib
is
B
os
tr
ch
ia
 h
ag
ed
as
h
17
8
81
.3
6.
84
In
di
go
 B
ir
d
 V
ill
ag
e 
In
di
go
 B
ir
d
Vi
du
a 
ch
al
yb
ea
ta
2
0.
9
0.
02
K
in
gfi
sh
er
 W
oo
dl
an
d 
K
in
gfi
sh
er
H
al
cy
on
 s
en
eg
al
en
si
s
16
7.
3
0.
28
K
it
e
 B
la
ck
 K
it
e
M
ilv
us
 m
ig
ra
ns
14
6.
4
0.
26
L
ap
w
in
g
 A
fr
ic
an
 W
at
tl
le
d 
L
ap
w
in
g
Va
ne
llu
s 
se
ne
ga
llu
s
99
45
.2
4.
06
L
on
g 
C
la
w
 A
by
ss
in
ia
n
 L
on
gc
la
w
M
ac
ro
ny
x 
fla
vi
co
lli
s
1
0.
5
0.
01
M
an
n
ik
in
 B
ro
n
ze
 M
an
n
ik
in
Sp
er
m
es
te
s 
cu
cu
lla
ta
64
29
.2
1.
59
M
ar
ti
n
 B
ro
w
n
-th
ro
at
ed
 S
an
d 
M
ar
ti
n
R
ip
ar
ia
 p
al
ud
ic
ol
a
10
4.
6
0.
50
M
on
ar
ch
 A
fr
ic
an
 P
ar
ad
is
e 
Fl
yc
at
ch
er
Te
rp
si
ph
on
e 
vi
ri
di
s
29
13
.2
0.
64
M
ou
se
 B
ir
d
 S
pe
ck
le
d 
M
ou
se
 B
ir
d
C
ol
iu
s 
st
ra
itu
s
31
14
.2
0.
61
O
xp
ec
ke
r
 R
ed
-b
ill
ed
 O
xp
ec
ke
r
B
up
ha
gu
s 
er
yt
hr
or
yn
ch
us
3
1.
4
0.
04
Pi
ge
on
s
 S
pe
ck
le
d 
Pi
ge
on
C
ol
um
ba
 g
ui
ne
a
10
4.
6
0.
29
 W
h
it
e-
co
lla
re
d 
Pi
ge
on
C
ol
um
ba
 a
lb
ito
rq
ue
s
2
0.
9
0.
33
Pi
pi
ts
 B
uf
fy
 P
ip
it
A
nt
hu
s 
va
al
en
si
s
5
2.
3
0.
13
 R
ic
h
ar
d 
Pi
pi
t
A
nt
hu
s 
no
va
es
ee
la
nd
ia
e
12
5.
5
0.
16
Pl
an
ta
in
-e
at
er
 E
as
te
rn
 G
re
y 
Pl
an
ta
in
-e
at
er
C
ri
ni
fe
r 
zo
nu
ru
s
18
8.
2
0.
35
Q
ue
le
a
 R
ed
-h
ea
de
d 
Q
ue
le
a
Q
ue
le
a 
er
yt
hr
op
s
1
0.
5
0.
01
R
av
en
s
 F
an
-ta
ile
d 
R
av
en
C
or
vu
s 
rh
ip
id
ur
us
31
14
.2
0.
80
 T
h
ic
k-
bi
lle
d 
R
av
en
C
or
vu
s 
cr
as
si
ro
st
ri
s
7
3.
2
0.
12
R
ob
in
ch
at
 H
eu
gl
in
 R
ob
in
ch
at
C
os
sy
ph
a 
he
ug
lin
i
2
0.
9
0.
02
R
oo
k
 A
fr
ic
an
 R
oo
k
C
or
vu
s 
ca
pe
ns
is
8
3.
7
0.
13
Sh
ri
ke
s
 L
es
se
r 
G
re
y 
Sh
ri
ke
L
an
iu
s 
m
in
or
1
0.
5
0.
01
 R
ed
-b
ac
ke
d 
Sh
ri
ke
L
an
iu
s 
co
llu
ri
o
2
0.
9
0.
02
Sp
ar
ro
w
 G
re
y-
h
ea
de
d 
Sp
ar
ro
w
Pa
ss
er
 g
ri
se
us
1
0.
5
0.
01
St
ar
lin
g
 L
es
se
r 
B
lu
e-
ea
re
d 
G
lo
ss
y 
St
ar
lin
g
L
am
pr
ot
or
ni
s 
ch
lo
ro
pt
er
us
33
15
.1
1.
03
St
on
ec
h
at
 C
om
m
on
 S
to
n
ec
h
at
Sa
xi
co
la
 to
rq
ua
tu
s
1
0.
5
0.
01
St
or
k
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bd
im
 S
to
rk
C
ic
on
ia
 a
bd
im
ii
1
0.
5
0.
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A
pp
en
di
x 
1.
 (
C
on
ti
nu
ed
) 
L
is
t o
f 
th
e 
re
co
rd
ed
 b
ir
d 
sp
ec
ie
s 
in
 th
e 
st
ud
y 
ar
ea
. P
er
ce
nt
ag
e 
of
 o
cc
ur
re
nc
e 
w
as
 c
al
cu
la
te
d 
by
 d
iv
id
in
g 
th
e 
nu
m
be
r 
of
 o
cc
ur
re
nc
es
 b
y 
th
e 
to
ta
l n
um
be
r 
of
 s
it
es
 a
nd
 m
ul
ti
pl
yi
ng
 th
e 
ou
tc
om
e 
by
 1
00
. T
he
 r
el
at
iv
e 
ab
un
da
nc
e 
w
as
 c
al
cu
la
te
d 
by
 d
iv
id
in
g 
th
e 
ab
un
da
nc
e 
of
 in
di
vi
du
al
 b
ir
d 
sp
ec
ie
s 
by
 th
e 
to
ta
l a
bu
nd
an
ce
 a
nd
 m
ul
ti
pl
yi
ng
 
th
e 
ou
tc
om
e 
by
 1
00
.
Ty
pe
 o
f B
ir
d 
Sp
ec
ie
s
C
om
m
on
 N
am
e
Sc
ie
n
ti
fi
c 
N
am
e
To
ta
l N
um
be
r 
 
R
ec
or
de
d
Pe
rc
en
ta
ge
 (
%
) 
 
of
 O
cc
ur
re
n
ce
R
el
at
iv
e
A
bu
n
da
n
ce
 (
%
)
Su
n
bi
rd
s
 C
op
pe
r 
Su
n
bi
rd
C
in
ny
ri
s 
cu
pr
eu
s
15
6.
8
0.
32
 G
re
en
-th
ro
at
ed
 S
un
bi
rd
C
ha
lc
om
itr
a 
am
et
hy
st
in
a
4
1.
8
0.
08
 M
ar
ic
o 
Su
n
bi
rd
C
in
ny
ri
s 
m
ar
iq
ue
ns
is
1
0.
5
0.
02
 S
ca
rl
et
-c
h
es
te
d 
Su
n
bi
rd
C
ha
lc
om
itr
a 
se
ne
ga
le
ns
is
2
0.
9
0.
02
 V
ar
ia
bl
e 
Su
n
bi
rd
C
in
ny
ri
s 
ve
nu
st
us
16
7.
3
0.
30
Sw
al
lo
w
s
 B
ar
n
 S
w
al
lo
w
H
ir
un
do
 a
lb
ig
ul
ar
is
55
25
.1
2.
51
 W
h
it
e-
ta
ile
d 
Sw
al
lo
w
H
ir
un
do
 m
eg
ae
ns
is
1
0.
5
0.
01
 W
ir
e-
ta
ile
d 
Sw
al
lo
w
H
ir
un
do
 s
m
ith
ii
1
0.
5
0.
01
T
h
ru
sh
es
 O
liv
e 
T
h
ru
sh
Tu
rd
us
 o
liv
ac
eu
s
7
3.
2
0.
18
 A
by
ss
in
ia
 G
ro
un
d 
T
h
ru
sh
Zo
ot
he
ra
 p
ia
gg
ia
e
1
0.
5
0.
02
 A
fr
ic
an
 T
h
ru
sh
Tu
rd
us
 p
el
io
s
3
1.
4
0.
03
W
ar
bl
er
s
 L
it
tl
e-
ru
sh
 W
ar
bl
er
B
ra
dy
pt
er
us
 b
ab
oe
ca
la
1
0.
5
0.
02
 S
ed
ge
 W
ar
bl
er
A
cr
oc
ep
ha
lu
s 
sc
ho
en
ob
ae
nu
s
1
0.
5
0.
01
 Y
el
lo
w
-th
ro
at
ed
 W
ar
bl
er
Se
to
ph
ag
a 
do
m
in
ic
a
3
1.
4
0.
05
W
ax
bi
ll
 C
om
m
on
 W
ax
bi
ll
Es
tr
ild
a 
rh
od
op
yg
a
21
9.
6
0.
37
W
ea
ve
rs
 B
ag
la
fe
ch
t W
ea
ve
r
Pl
oc
eu
s 
ba
gl
af
ec
ht
34
15
.5
1.
04
 B
la
ck
-h
ea
de
d 
W
ea
ve
r
Pl
oc
eu
s 
m
el
an
oc
ep
ha
lu
s
54
24
.7
3.
87
W
h
ea
te
ar
s
 N
or
th
er
n
 W
h
ea
te
ar
O
en
an
th
e 
is
ab
el
lin
a
2
0.
9
0.
02
 R
ed
-ta
ile
d 
W
h
ea
te
ar
O
en
an
th
e 
xa
nt
ho
pr
ym
na
2
0.
9
0.
02
W
h
it
e 
E
ye
 A
by
ss
in
ia
n
 W
h
it
e 
E
ye
Zo
st
er
op
s 
ab
ys
si
ni
ca
1
0.
5
0.
01
W
id
ya
h
 P
in
-ta
ile
d 
W
id
ya
h
Vi
du
a 
m
ac
ro
ur
a
33
15
.1
0.
53
W
oo
dp
ec
ke
rs
 C
ar
di
n
al
 W
oo
dp
ec
ke
r
D
en
dr
op
ic
os
 fu
sc
es
ce
ns
1
0.
5
0.
01
 G
re
y 
W
oo
dp
ec
ke
r
D
en
dr
op
ic
os
 g
oe
rt
ae
6
2.
7
0.
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A
pp
en
di
x 
2.
 M
et
ho
d 
us
ed
 to
 a
ss
es
s 
ha
bi
ta
t d
is
tu
rb
an
ce
 o
f 
w
et
la
nd
 s
it
es
 (
H
ru
by
 2
00
4 
as
 m
od
ifi
ed
 b
y 
M
er
et
a 
et
 a
l. 
20
13
).
 A
 s
co
re
 o
f 
1 
w
as
 a
w
ar
de
d 
fo
r 
no
 o
r 
m
in
im
al
 d
is
tu
rb
an
ce
, 
2 
fo
r 
m
od
er
at
e 
di
st
ur
ba
nc
e 
an
d 
3 
fo
r 
hi
gh
 d
is
tu
rb
an
ce
. N
in
e 
di
ff
er
en
t d
is
tu
rb
an
ce
 c
ri
te
ri
a 
w
er
e 
in
cl
ud
ed
.
D
is
tu
rb
an
ce
Sc
or
e 
= 
1
Sc
or
e 
= 
2
Sc
or
e 
= 
3
H
ab
it
at
 a
lt
er
at
io
n
G
ra
zi
n
g 
ve
ge
ta
ti
on
 r
em
ov
al
M
in
im
al
 g
ra
zi
n
g 
w
it
h
 <
 1
0%
 
ve
ge
ta
ti
on
 r
em
ov
al
M
od
er
at
e 
gr
az
in
g 
w
it
h
 1
0-
50
%
 
ve
ge
ta
ti
on
 r
em
ov
al
In
te
n
si
ve
 g
ra
zi
n
g 
w
it
h
 >
 5
0%
 
ve
ge
ta
ti
on
 r
em
ov
al
Tr
ee
 fa
rm
in
g
N
o 
tr
ee
 fa
rm
in
g 
or
 fa
rm
in
g 
at
 >
 
50
 m
 fr
om
 th
e 
w
et
la
n
d
Tr
ee
 fa
rm
in
g 
at
 <
 5
0 
m
 b
ut
 n
ot
 in
 
th
e 
w
et
la
n
d
Tr
ee
 fa
rm
in
g 
in
 th
e 
w
et
la
n
d
L
an
d 
us
e
Fa
rm
in
g
N
o 
fa
rm
in
g 
in
 o
r 
fa
rm
in
g 
at
 >
 5
0 
m
 fr
om
 th
e 
w
et
la
n
d
Fa
rm
in
g 
at
 a
 d
is
ta
n
ce
 o
f <
 5
0 
m
 
fr
om
 th
e 
w
et
la
n
d
Fa
rm
in
g 
in
 th
e 
w
et
la
n
d
C
la
y 
m
in
in
g
N
o 
cl
ay
 m
in
in
g
C
la
y 
m
in
in
g 
> 
50
 m
 fr
om
 th
e 
w
et
la
n
d
C
la
y 
m
in
in
g 
in
 o
r 
< 
50
 m
 fr
om
 
th
e 
w
et
la
n
d
W
as
te
 d
um
pi
n
g
N
o 
w
as
te
 d
um
pi
n
g
W
as
te
 d
um
pi
n
g 
n
ea
r 
th
e
w
et
la
n
d
A
ct
iv
e 
si
gn
 o
f w
as
te
 d
um
pi
n
g 
in
 th
e 
w
et
la
n
d
H
yd
ro
lo
gi
ca
l m
od
ifi
ca
ti
on
D
ra
in
in
g 
an
d 
di
tc
h
in
g
N
o 
dr
ai
n
in
g 
or
 d
it
ch
in
g
D
ra
in
in
g 
n
ea
rb
y 
< 
50
 m
D
ra
in
in
g 
in
 th
e 
w
et
la
n
d
Fi
lli
n
g
N
o 
fi
lli
n
g
Fi
lli
n
g 
n
ea
r 
th
e 
w
et
la
n
d
Fi
lli
n
g 
in
 th
e 
w
et
la
n
d
W
at
er
 a
bs
tr
ac
ti
on
N
o 
de
w
at
er
in
g
D
ew
at
er
in
g 
n
ea
r 
th
e 
w
et
la
n
d
D
ew
at
er
in
g 
in
 th
e 
w
et
la
n
d
